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Description

Technical Field

[0001] The invention relates to an air duct arrange-
ment, in particular a charge air duct for a turbocharged
internal combustion engine, and an internal combustion
engine including an air duct arrangement.

Prior Art

[0002] For turbocharged internal combustion engines
geometry, in particular diameter and length, of charge air
ducts (also called charge air delivery ducts) is tuned to
take benefits from pressure waves for improving the air
filling into the engine cylinders, and thus performance.
[0003] In the operation of internal combustion engines,
use is conventionally made of air intake systems which
provide ram or resonance pipe charging or a combination
of these two charging types. In the case of a super-
charged or turbocharged internal combustion engine, the
compression of the combustion air which is sucked in
results in an increase in the air temperature. Further
charging is avoided and a charge-air cooler for cooling
the charge air is therefore positioned downstream of a
compressor. This is intended to minimize the risk of a
knocking engine. A further reduction in the charge-air
temperature by means of a larger charge-air cooler is
generally not possible for structural reasons. According-
ly, to increase the efficiency of the charge-air cooler, ex-
pansion devices are provided downstream thereof in or-
der to further reduce a combustion air temperature.
[0004] DE 27 52 498 A1 shows an intake system of a
turbo charged combustion engine, comprising resonator
chambers which are connected to the inlets of the cylin-
ders of individual groups of cylinders of the engine, a
resonant pipe connected to each respective resonator
chamber and a balancing chamber, to which the resonant
pipes and an intake air pipe from an exhaust-driven turbo
compressor are connected, the resonator chambers and
the resonant pipes being tuned to produce resonance
within a specific r.p.m. range, wherein that the balancing
chamber is a charge air cooler aligned with a radiator for
the engine coolant.
[0005] From WO 2015/027335 A1 an improved ex-
haust gas recirculation (EGR) system is known which
comprises combustion chambers divided into a first por-
tion and a second portion. An intake valve and an exhaust
valve are associated with each combustion chamber. An
intake manifold is in fluid communication with the com-
bustion chambers through respective intake valves. A
first exhaust manifold is in fluid communication with said
first portion of combustion chambers through respective
exhaust valves. A second exhaust manifold is in fluid
communication with said second portion of combustion
chambers through respective exhaust valves. An EGR
exhaust valve is associated with each combustion cham-
ber in said second portion. An EGR manifold is in fluid

communication with each combustion chamber in said
second portion through respective EGR exhaust valves
and with said at least one intake manifold.
[0006] In US 8, 720,402 B2 an internal combustion en-
gine is proposed, being characterized in that a distributor
pipe length is dimensioned as a function of an equivalent
distributor pipe diameter such that it is possible for a re-
duction in the charge pressure to be obtained within the
air intake system of the internal combustion engine by
means of an expansion, with the charge-air expansion
taking place partially in the plenum, in the respective in-
take pipe and/or within the distributor pipe. Thus, it is
possible to obtain a continuous, but not imperatively uni-
form, expansion between the inlet of the combustion air
into the distributor pipe and the outlet out of the intake
pipe.
[0007] With the design of the air intake system shown
in the US 8, 720,402 B2, by means of the expansion
which is obtained, effective cooling of the charge air with-
in the air intake system is provided

Disclosure of the Invention

[0008] It is an object of the invention to provide an air
duct arrangement, in particular a charge air duct for a
turbocharged internal combustion engine exhibiting im-
proved efficiency of the internal air flow.
[0009] Another object of the invention is to provide an
internal combustion engine with such an air duct arrange-
ment.
[0010] The objects are achieved according to one as-
pect of the invention by an air duct arrangement accord-
ing to claim 1.
[0011] The other claims, the description and the draw-
ings describe advantageous embodiments of the inven-
tion.
[0012] Charge air within the meaning of the invention
shall be understood as compressed air, compressed by
an exhaust-gas turbocharger or any other kind of charg-
er.
[0013] According to a first aspect of the invention, an
air duct arrangement is proposed, in particular a charge
air duct for a turbocharged internal combustion engine,
the air duct arrangement comprising a cooler and at least
two inlet air ducts of an air intake manifold of an internal
combustion engine, wherein at least a first one of the
inlet air ducts is arranged between an outlet of the cooler
and at least one runner of the air intake manifold, where
the runner is connected to an intake valve of a cylinder
of the internal combustion engine. The other one of the
inlet air ducts is arranged between the first one of the
inlet air ducts and at least one runner connected to an
intake valve of at least one of the further cylinders. Hereby
an air flow length of at least one of the inlet air ducts is
provided such that a charge air pressure wave effected
by closing the intake valve of one of the cylinders prop-
agates through the inlet air ducts causing an underpres-
sure at the intake valve of the one further cylinder.
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[0014] Charge air may be fed through the cooler to the
cylinders of the combustion engine. The one or two intake
valves of a first cylinder will close due to the firing order
of the combustion engine. When closing the valve the air
flow in the inlet air duct is stopped, charge air is reflected
at the valve and thus an air wave may propagate back
in the inlet air duct to the second inlet air duct, connected
to the first inlet air duct and fed to a further cylinder. Thus
at an intake valve of the second cylinder an underpres-
sure caused by the propagation wave may be observed
resulting in a decrease of the charge air temperature
when feeding this second cylinder. The air flow length of
the inlet air ducts may advantageously be provided such
that the propagation wave arrives with an appropriate
phase at the intake valve of the second cylinder, in par-
ticular with a pressure minimum. A much different air flow
length for the two inlet air ducts is provided.
[0015] Advantageously due to the invention it may be
possible to reduce the load in the cylinder of an internal
combustion engine, particularly in a gasoline engine, and
thus to reduce the combustion temperature and decrease
the knocking tendency. At the end it will give the chance
to reduce NOx emission and keep the exhaust gas tem-
perature under the component limit, particularly the ex-
haust manifold and turbine.
[0016] According to the invention the design of the air
duct arrangement as part of an air intake system between
an intake valve and the charge air cooler is layout to
ensure that an overpressure created at the closing of one
intake valve will effect an air wave propagating to cause
an underpressure at another cylinder. This will create a
kind of expansion of the charge air just at the closing time
of the intake valve in order to decrease the temperature
in the cylinder.
[0017] Further, a reduction of exhaust temperature due
to an early combustion and the possibility to reduce en-
richment of the combustion gases may advantageously
be achieved.
[0018] The invention can be applied to the current de-
sign of a four-cylinder head of an internal combustion
engine while, depending of the firing order of the cylin-
ders, connecting the two outer runners and the two inner
runners, feeding the combustion chambers of the cylin-
ders. The inlet air duct as a connection pipe to the charge
air cooler can be placed in different positions in the air
duct arrangement. The length of the runners between
the valves with firing order first cylinder - third cylinder
and second cylinder - fourth cylinder in the row of the
four-cylinder head will define the engine speed by the
efficiency of the air duct arrangement.
[0019] Advantageously the invention can also be ap-
plied for 5, 6, 8, 10 or 12 cylinder engine as well.
[0020] Advantageously a charge pressure of the com-
bustion air may be reduced as the combustion air travels
as a propagation wave caused by the closing of one valve
to an inlet into the combustion chamber of another cyl-
inder of the internal combustion engine during an intake
of the combustion air through the air duct arrangement.

[0021] With the design of the air intake system accord-
ing to embodiments of the invention, by means of the
partial expansion by the propagation wave which is ob-
tained, effective cooling of the charge air within the air
duct arrangement is provided without using additional
moving components. In this way, a cost-effective and ef-
ficient air duct arrangement for supercharged internal
combustion engines may be provided, with the expansion
air duct arrangement according to aspects of the inven-
tion being suitable both for supercharged spark-ignition
engines and also for diesel engines.
[0022] In particular, by means of the invention, the ten-
dency of a supercharged spark-ignition engine towards
knocking combustion may be minimized. It is thereby
possible for the displacement of the ignition angle in the
direction of the optimum value to be obtained even at
high rotational speeds, since a reduction in the combus-
tion mixture temperature is generated. This is because,
by means of the air duct arrangement according to em-
bodiments of the invention, a gas-dynamic compression
downstream of the charge-air cooler may be prevented
and, in addition, a partial expansion through propagation
waves of the charge air may be obtained within the air
duct arrangement causing a reduction in temperature of
the combustion air.
[0023] In this way, an optimized partial expansion of
the compressed combustion air may take place within
the air duct arrangement, such that the combustion air
enters at a considerably lower temperature from the air
duct arrangement into the inlet duct in the cylinder head.
By means of the dimensioning according to aspects of
the invention, the air duct arrangement completely re-
verses the known resonance charging effect, in particular
at high engine rotational speeds. Instead of a compres-
sion, a partial expansion through propagation waves of
the combustion air may be obtained, and said combus-
tion air may be cooled further. The fuel/air mixture in the
combustion chamber may therefore be at a lower tem-
perature, so that the ignition time of the internal combus-
tion engine may be set optimally in terms of performance.
It may therefore be possible to obtain an improvement in
engine efficiency and, at the same time, a higher engine
power together with favorable fuel consumption, in par-
ticular at high loads and rotational speeds.
[0024] In this way, it may be possible in the internal
combustion engine according to aspects of the invention
to obtain an optimization of the ignition time and therefore
a further improvement in efficiency.
[0025] Advantageously, the embodiments of the inven-
tion are exemplified for four-cylinder engines, yet may
also be favorable for six or eight-cylinder engines, as well
as for three-cylinder engines. For six- or eight-cylinder
engines, an air flow length of the inlet air ducts may be
shorter than for four-cylinder engines, whereas for three-
cylinder engines the air flow length may be provided
much longer, particularly around three times longer than
for four-cylinder engines.
[0026] In a favorable embodiment of the invention the
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inlet air ducts may be manufactured as plastics parts.
[0027] According to an advantageous embodiment at
least two runners may branch off one of the inlet air ducts.
Thus two or more cylinders may advantageously be fed
with combustion air with the same inlet air duct.
[0028] According to an advantageous embodiment
runners feeding the intake valves of two adjacent cylin-
ders may branch off the same air duct. By this way a
particularly advantageous arrangement of the air duct
arrangement enables to feed two adjacent cylinders
which may it possible to realize a favorable firing order
of the first cylinder - third cylinder and fourth cylinder -
second cylinder.
[0029] According to an advantageous embodiment
runners feeding the intake valves of two cylinders sepa-
rated by at least one further cylinder may branch off the
same air duct. This advantageous arrangement of the air
duct arrangement further enables to feed two adjacent
cylinders which may it possible to realize a favorable firing
order of the first cylinder - third cylinder and fourth cylinder
- second cylinder.
[0030] According to an advantageous embodiment two
runners may be connected directly upstream the intake
valves. In this arrangement the two runners may be in-
tegrated into the cylinder head which proves favorable
due to less space requirements.
[0031] According to an advantageous embodiment the
inlet air ducts may be provided with a uniform diameter
along their elongation. A uniform diameter without vari-
ation of the inlet air ducts enables a favorable propagation
of the charge air wave in the inlet air duct caused by
closing of the intake valve of a cylinder.
[0032] According to an advantageous embodiment at
least one cylinder may be provided with two intake valves,
which are fed by the same runner. The two intake valves
may work simultaneously in a favorable mode of opera-
tion. Internal combustion engines with two intake valves
per cylinder are favored because of enabling more flex-
ibility in injection of fuel and higher efficiency of the com-
bustion process.
[0033] According to an advantageous embodiment at
least one joint air duct may be arranged between the
outlet of the cooler and the inlet air ducts. Thus it is pos-
sible to feed the inlet air duct by one joint air duct enabling
higher flexibility of duct arrangement of the air intake sys-
tem.
[0034] According to an advantageous embodiment the
inlet air ducts may be connected via a T-shaped connec-
tion part to the cooler. Due to a particularly favorable
design of the air duct arrangement two inlet air ducts may
be fed by a joint T-shaped connection part. Thus propa-
gation of the charge air wave from one inlet air duct to
another inlet air duct may be possible in an advantageous
way.
[0035] According to another aspect of the invention an
internal combustion engine is proposed, at least com-
prising a plurality of cylinders, a combustion chamber
which is arranged in each cylinder, and an air duct ar-

rangement comprising at least a compressor for feeding
combustion air, and an air duct arrangement, comprising
a cooler, and at least two inlet air ducts of an air intake
manifold of an internal combustion engine. At least a first
one of the inlet air ducts is arranged between an outlet
of the cooler and at least one runner of the air intake
manifold, where the runner is connected to an intake
valve of a cylinder of the internal combustion engine. The
other one of the inlet air ducts is arranged between the
first one of the inlet air ducts and at least one runner
connected to an intake valve of at least one of the further
cylinders. Hereby an air flow length of at least one of the
inlet air ducts is provided such that a charge air pressure
wave effected by closing the intake valve of one of the
cylinders propagates through the inlet air ducts causing
an underpressure at the intake valve of the one further
cylinder.
[0036] According to an advantageous embodiment at
least two runners may branch off one of the inlet air ducts.
Thus two or more cylinders may advantageously be fed
with combustion air with the same inlet air duct.
[0037] According to an advantageous embodiment
runners feeding the intake valves of two adjacent cylin-
ders may branch off the same air duct. By this way a
particularly advantageous arrangement of the air duct
arrangement enables to feed two adjacent cylinders
which may it possible to realize a favorable firing order
of the first cylinder - third cylinder and fourth cylinder -
second cylinder.
[0038] According to an advantageous embodiment
runners feeding the intake valves of two cylinders sepa-
rated by at least one further cylinder may branch off the
same air duct. This advantageous arrangement of the air
duct arrangement further enables to feed two adjacent
cylinders which may it possible to realize a favorable firing
order of the first cylinder - third cylinder and fourth cylinder
- second cylinder.

Brief Description of the Drawings

[0039] The present invention together with the above-
mentioned and other objects and advantages may best
be understood from the following detailed description of
the embodiments, but not restricted to the embodiments,
wherein is shown in:

Figure 1 a top view of an air duct arrangement, at-
tached to a four-cylinder internal combus-
tion engine, according to an example em-
bodiment of the invention;

Figure 2 an isometric view of the air duct arrange-
ment of Figure 1;

Figure 3 another isometric view of the air duct ar-
rangement of Figure 1;

Figure 4 an isometric view of an air duct arrange-
ment, attached to a four-cylinder internal
combustion engine, according to a further
example embodiment of the invention;
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Figure 5 another isometric view of the air duct ar-
rangement of Figure 4;

Figure 6 an isometric view of an air duct arrange-
ment, attached to a four-cylinder internal
combustion engine, according to another
example not part of the invention;

Figure 7 another isometric view of the air duct ar-
rangement of Figure 6;

Figure 8 a top view of an air duct arrangement, at-
tached to a four-cylinder internal combus-
tion engine, according to a further example
embodiment of the invention;

Figure 9 an isometric view of the air duct arrange-
ment of Figure 8;

Figure 10 another isometric view of the air duct ar-
rangement of Figure 8; and

Figure 11 a further isometric view of the air duct ar-
rangement of Figure 8.

Detailed Description of the Drawings

[0040] In the drawings, like elements are referred to
with equal reference numbers. The drawings are merely
schematic representations, not intended to portray spe-
cific parameters of the invention. Moreover, the drawings
are intended to depict only typical embodiments of the
invention and therefore should not be considered as lim-
iting the scope of the invention.
[0041] In Figures 1 to 3 an air duct arrangement 100,
attached to a four-cylinder internal combustion engine
40, according to a first example embodiment of the in-
vention, is depicted. Figure 1 shows a top view, Figure
2 an isometric view and Figure 3 a further isometric view
of the air duct arrangement 100.
[0042] The air duct arrangement 100, which is in par-
ticular suited as a charge air duct for a turbocharged in-
ternal combustion engine 40, comprises a cooler 10, and
two inlet air ducts 30, 32 of an air intake manifold 20 of
an internal combustion engine 40. A first one of the inlet
air ducts 30 is arranged between an outlet 14 of the cooler
10 and the runners 22, 24 of the air intake manifold 20.
The runners 22, 24 are connected to an intake valve 50,
52, 62, 64 of a cylinder 42, 48 of the internal combustion
engine 40.
[0043] The input 12 of the cooler 10 may be connected
to the output of a turbocharger, not shown in Figures 1
to 11.
[0044] The internal combustion engine 40 comprises
a plurality of cylinders 42, 44, 46, 48, a combustion cham-
ber which is arranged in each cylinder 42, 44, 46, 48, and
an air intake system comprising at least a compressor
for feeding combustion air, and an air duct arrangement
100, as shown in Figures 1 to 11. The internal combustion
engine 40 is only depicted as a schematic part with the
cylinder head, exhibiting four cylinders 42, 44, 46, 48 in
a single row.
[0045] The second inlet air duct 32 is arranged be-
tween the first inlet air duct 30 and the runners 26, 28

connected to an intake valve 54, 56, 58, 60 of the further
cylinders 44, 46. Hereby an air flow length of at least one
of the inlet air ducts 30, 32 is provided such that a charge
air pressure wave effected by closing the intake valve
50, 52, 54, 56, 58, 60, 62, 64 of one of the cylinders 42,
44, 46, 48 propagates through the inlet air ducts 30, 32
causing an underpressure at the intake valve 50, 52, 54,
56, 58, 60, 62, 64 of the one further cylinder 42, 44, 46, 48.
[0046] The two runners 22, 24 branch off the inlet air
duct 30, whereas the two runners 26, 28 branch off the
inlet air duct 32. Runners 26, 28 are feeding the intake
valves 54, 56, 58, 60 of the two adjacent cylinders 44,
46. Runners 22, 24 are feeding the intake valves 50, 52,
62, 64 of the two cylinders 42, 48 separated by the two
further cylinders 44, 46.
[0047] The inlet air ducts 30, 32 are provided with a
uniform diameter along their elongation for a favorable
charge air wave propagation.
[0048] The cylinders 42, 44, 46, 48 are provided with
each with two intake valves 50, 52, 54, 56, 58, 60, 62,
64, where each pair of valves 50, 52, 54, 56, 58, 60, 62,
64 of one cylinder 42, 44, 46, 48 is fed by the same runner
22, 24, 26, 28.
[0049] A specific feature of the air duct arrangement
100, shown in Figures 1 to 3, is that the second inlet air
duct 32 exhibits a much longer air flow length than the
first inlet air duct 30, causing a favorable propagation
wave by closing the valves 50, 52, 54, 56, 58, 60, 62, 64
of at least one of the cylinders 42, 44, 46, 48, resulting
in an underpressure at the intake valve 50, 52, 54, 56,
58, 60, 62, 64 of the one further cylinder 42, 44, 46, 48.
By this underpressure an advantageous reduction of the
input temperature of the charge air may be achieved.
[0050] The internal combustion engine 40 described
here operates on the four-stroke principle, with the
present invention likewise being suitable for two-stroke
internal combustion engine 40s.
[0051] Besides, the embodiments of the invention as
shown in Figures 1 to 11 are exemplified for four-cylinder
engines, yet may also be advantageous for six- or eight-
cylinder engines, as well as for three-cylinder engines.
[0052] Accordingly, a further reduction in the charge-
air temperature is brought about by means of the gener-
ated partial expansion by the propagation wave, such
that a lower charge-air temperature than the conventional
temperatures is obtained at the inlet of the combustion
chamber while maintaining the desired charge pressure
level. The relatively high air throughput in the combustion
chamber is therefore maintained, and at the same time,
a power increase is obtained as a result of the displace-
ment of the knock limit of the internal combustion engine
40.
[0053] Figures 4 and 5 depict an air duct arrangement
100, attached to a four cylinder internal combustion en-
gine 40, according to a further example embodiment of
the invention in two isometric views.
[0054] In this embodiment the first inlet air duct 30 is
relatively short, connected to the runner 24, feeding cyl-
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inder 48. The runner 24 is further connected to the runner
22, feeding cylinder 42. The second inlet air duct 32,
which exhibits a much longer air flow length than the inlet
air duct 30, is branching off the connected runners 22,
24 and extends to the connected runners 26, 28, feeding
cylinders 44, 46.
[0055] Figures 6 and 7 depict an air duct arrangement
100, attached to a four cylinder internal combustion en-
gine 40, according to another example not part of the
invention in two isometric views.
[0056] In this embodiment a joint air duct 34 is arranged
between the outlet 14 of the cooler 10 and the inlet air
ducts 30, 32, feeding both inlet air ducts 30, 32 at the
same time. Both inlet air ducts 30, 32 exhibit the same
length. The first inlet air duct 30 is connected to the run-
ners 22, 24, feeding cylinders 42, 48, whereas the second
inlet air duct 32 is connected to the runners 26, 28, feed-
ing cylinders 44, 46. The different air flow length of the
inlet air ducts resulting in a favorable propagation wave
upon closing the intake valve of one of the cylinders 42,
44, 46, 48 is caused by the different length of the runners
22, 24 and 26, 28, respectively.
[0057] In Figures 8 to 11 an air duct arrangement 100,
attached to a four cylinder internal combustion engine
40, according to a further example embodiment of the
invention is shown. Figure 8 depicts a top view, Figures
9, 10 and 11 isometric views of the air duct arrangement
100.
[0058] In this embodiment the inlet air ducts 30, 32 are
connected via a T-shaped connection part 36 to the cool-
er 10. The first inlet air duct 30 is connected to the runners
22, 24, whereas the second inlet air duct 32 is connected
to the runners 26, 28, but in this embodiment the two
runners 26, 28 are connected directly upstream the in-
take valves 54, 56, 58, 60, inside the cylinder head.
[0059] The two inlet air ducts 30, 32 exhibit different
air flow lengths. They are arranged in winding configu-
rations between the cooler 10 and the engine 40. Thus
a relatively compact air duct arrangement 100 may be
achieved, resulting in a compact design of the internal
combustion engine 40, which may be favorably integrat-
ed in the engine compartment of a vehicle.

Claims

1. An air duct arrangement (100), in particular a charge
air duct for a turbocharged internal combustion en-
gine (40), comprising a cooler (10), and at least two
inlet air ducts (30, 32) of an air intake manifold (20)
of an internal combustion engine (40), wherein

- at least a first one of the inlet air ducts (30, 32)
is arranged between an outlet (14) of the cooler
(10) and at least one runner (22, 24, 26, 28) of
the air intake manifold (20), where the runner
(22, 24, 26, 28) is connected to an intake valve
(50, 52, 54, 56, 58, 60, 62, 64) of a cylinder (42,

44, 46, 48) of the internal combustion engine
(40),
- the other one of the inlet air ducts (30, 32) is
arranged between the first one of the inlet air
ducts (30, 32) and at least one runner (22, 24,
26, 28) connected to an intake valve (50, 52, 54,
56, 58, 60, 62, 64) of at least one of the further
cylinders (42, 44, 46, 48),

characterized in that an air flow length of at least
one of the inlet air ducts (30, 32) is provided such
that a charge air pressure wave effected by closing
the intake valve (50, 52, 54, 56, 58, 60, 62, 64) of
one of the cylinders (42, 44, 46, 48) propagates
through the inlet air ducts (30, 32) causing an under-
pressure at the intake valve (50, 52, 54, 56, 58, 60,
62, 64) of the one further cylinder (42, 44, 46, 48),
wherein the air flow lengths of the inlet air ducts (30,
32) provide that the propagation wave arrives with
an appropriate phase at the intake valve of the sec-
ond cylinder with a pressure minimum, wherein a
much different air flow length for the two inlet air ducts
is provided.

2. The air duct arrangement according to claim 1,
wherein at least two runners (22, 24, 26, 28) branch
off one of the inlet air ducts (30, 32).

3. The air duct arrangement according to claim 1 or 2,
wherein runners (26, 28) feeding the intake valves
(54, 56, 58, 60) of two adjacent cylinders (44, 46)
branch off the same air duct (30, 32).

4. The air duct arrangement according to any one of
the preceding claims, wherein runners (22, 24) feed-
ing the intake valves (50, 52, 62, 64) of two cylinders
(42, 48) separated by at least one further cylinder
(44, 46) branch off the same air duct (30, 32).

5. The air duct arrangement according to claims 3 or
4, wherein two runners (26, 28) are connected di-
rectly upstream the intake valves (54, 56, 58, 60).

6. The air duct arrangement according to any one of
the preceding claims, wherein the inlet air ducts (30,
32) are provided with a uniform diameter along their
elongation.

7. The air duct arrangement according to any one of
the preceding claims, wherein at least one cylinder
(42, 44, 46, 48) is provided with two intake valves
(50, 52, 54, 56, 58, 60, 62, 64), which are fed by the
same runner (22, 24, 26, 28).

8. The air duct arrangement according to any one of
the preceding claims, wherein at least one joint air
duct (34) is arranged between the outlet (14) of the
cooler (10) and the inlet air ducts (30, 32).
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9. The air duct arrangement according to any one of
the preceding claims, wherein the inlet air ducts (30,
32) are connected via a T-shaped connection part
(36) to the cooler (10).

10. An internal combustion engine (40) at least compris-
ing:

- a plurality of cylinders (42, 44, 46, 48),
- a combustion chamber which is arranged in
each cylinder (42, 44, 46, 48), an air intake sys-
tem comprising at least a compressor for feeding
combustion air, an air duct arrangement (100)
according to any one of the preceding claims.

11. The internal combustion engine according to claim
10, wherein at least two runners (22, 24, 26, 28)
branch off one of the inlet air ducts (30, 32).

12. The internal combustion engine according to claim
10 or 11, wherein runners (26, 28) feeding the intake
valves (54, 56, 58, 60) of two adjacent cylinders (44,
46) branch off the same air duct (30, 32).

13. The internal combustion engine according to any one
of the claims 10 to 12, wherein runners (22, 24) feed-
ing the intake valves (50, 52, 62, 64) of two cylinders
(42, 48) separated by at least one further cylinder
(44, 46) branch off the same air duct (30, 32).

Patentansprüche

1. Luftkanalanordnung (100), insbesondere Ladeluft-
kanal für einen turbogeladenen Verbrennungsmotor
(40), die einen Kühler (10) und mindestens zwei Ein-
lassluftkanäle (30, 32) eines Luftansaugkrümmers
(20) eines Verbrennungsmotors (40) umfasst, wobei

- mindestens ein erster der Einlassluftkanäle
(30, 32) zwischen einem Auslass (14) des Küh-
lers (10) und mindestens einem Verteilerrohr
(22, 24, 26, 28) des Luftansaugkrümmers (20)
angeordnet ist, wobei das Verteilerrohr (22, 24,
26, 28) mit einem Einlassventil (50, 52, 54, 56,
58, 60, 62, 64) eines Zylinders (42, 44, 46, 48)
des Verbrennungsmotors (40) verbunden ist,
- der andere der Einlassluftkanäle (30, 32) zwi-
schen dem ersten der Einlassluftkanäle (30, 32)
und mindestens einem Verteilerrohr (22, 24, 26,
28), das mit einem Einlassventil (50, 52, 54, 56,
58, 60, 62, 64) von mindestens einem der wei-
teren Zylinder (42, 44, 46, 48) verbunden ist,
angeordnet ist,

dadurch gekennzeichnet, dass eine Luftstromlän-
ge von mindestens einem der Einlassluftkanäle (30,
32) so ausgebildet ist, dass sich eine durch Schlie-

ßen des Einlassventils (50, 52, 54, 56, 58, 60, 62,
64) eines der Zylinder (42, 44, 46, 48) bewirkte La-
deluftdruckwelle durch die Einlassluftkanäle (30, 32)
hindurch ausbreitet und einen Unterdruck an dem
Einlassventil (50, 52, 54, 56, 58, 60, 62, 64) des einen
weiteren Zylinders (42, 44, 46, 48) herbeiführt, wobei
die Luftstromlängen der Einlassluftkanäle (30, 32)
dafür sorgen, dass die Ausbreitungswelle mit einer
entsprechenden Phase an dem Einlassventil des
zweiten Zylinders mit einem Druckminimum eintrifft,
wobei die beiden Einlassluftkanäle eine deutlich
voneinander verschiedene Luftstromlänge aufwei-
sen.

2. Luftkanalanordnung nach Anspruch 1, wobei min-
destens zwei Verteilerrohre (22, 24, 26, 28) von ei-
nem der Einlassluftkanäle (30, 32) abzweigen.

3. Luftkanalanordnung nach Anspruch 1 oder 2, wobei
Verteilerrohre (26, 28), die die Einlassventile (54, 56,
58, 60) von zwei benachbarten Zylindern (44, 46)
versorgen, von demselben Luftkanal (30, 32) ab-
zweigen.

4. Luftkanalanordnung nach einem der vorangehen-
den Ansprüche, wobei Verteilerrohre (22, 24), die
die Einlassventile (50, 52, 62, 64) von zwei durch
mindestens einen weiteren Zylinder (44, 46) ge-
trennten Zylindern (42, 48) versorgen, von demsel-
ben Luftkanal (30, 32) abzweigen.

5. Luftkanalanordnung nach Anspruch 3 oder 4, wobei
zwei Verteilerrohre (26, 28) direkt stromaufwärts der
Einlassventile (54, 56, 58, 60) verbunden sind.

6. Luftkanalanordnung nach einem der vorangehen-
den Ansprüche, wobei die Einlassluftkanäle (30, 32)
entlang ihrer Längserstreckung mit einem einheitli-
chen Durchmesser ausgebildet sind.

7. Luftkanalanordnung nach einem der vorangehen-
den Ansprüche, wobei mindestens ein Zylinder (42,
44, 46, 48) mit zwei Einlassventilen (50, 52, 54, 56,
58, 60, 62, 64) versehen ist, die durch dasselbe Ver-
teilerrohr (22, 24, 26, 28) versorgt werden.

8. Luftkanalanordnung nach einem der vorangehen-
den Ansprüche, wobei mindestens ein gemeinsamer
Luftkanal (34) zwischen dem Auslass (14) des Küh-
lers (10) und den Einlassluftkanälen (30, 32) ange-
ordnet ist.

9. Luftkanalanordnung nach einem der vorangehen-
den Ansprüche, wobei die Einlassluftkanäle (30, 32)
über einen T-förmigen Verbindungsteil (36) mit dem
Kühler (10) verbunden sind.

10. Verbrennungsmotor (40), der mindestens umfasst:

11 12 
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- mehrere Zylinder (42, 44, 46, 48),
- einen Brennraum, der in jedem Zylinder (42,
44, 46, 48) angeordnet ist, ein Luftansaugsys-
tem, das mindestens einen Kompressor zum
Zuführen von Verbrennungsluft umfasst, und ei-
ne Luftkanalanordnung (100) nach einem der
vorangehenden Ansprüche.

11. Verbrennungsmotor nach Anspruch 10, wobei min-
destens zwei Verteilerrohre (22, 24, 26, 28) von ei-
nem der Einlassluftkanäle (30, 32) abzweigen.

12. Verbrennungsmotor nach Anspruch 10 oder 11, wo-
bei Verteilerrohre (26, 28), die die Einlassventile (54,
56, 58, 60) von zwei benachbarten Zylindern (44,
46) versorgen, von demselben Luftkanal (30, 32) ab-
zweigen.

13. Verbrennungsmotor nach einem der Ansprüche 10
bis 12, wobei Verteilerrohre (22, 24), die die Einlass-
ventile (50, 52, 62, 64) von zwei durch mindestens
einen weiteren Zylinder (44, 46) getrennten Zylin-
dern (42, 48) versorgen, von demselben Luftkanal
(30, 32) abzweigen.

Revendications

1. Agencement de conduite d’air (100), en particulier
conduite d’air de charge pour moteur à combustion
interne turbocompressé (40), comprenant un refroi-
disseur (10), et au moins deux conduites d’entrée
d’air (30, 32) d’un collecteur d’admission d’air (20)
d’un moteur à combustion interne (40), dans lequel

- au moins une première des conduites d’air
d’admission (30, 32) est disposée entre une sor-
tie (14) du refroidisseur (10) et au moins une
glissière (22, 24, 26, 28) du collecteur d’admis-
sion d’air (20), la glissière (22, 24, 26, 28) étant
connectée à une vanne d’admission (50, 52, 54,
56, 58, 60, 62, 64) d’un cylindre (42, 44, 46, 48)
du moteur à combustion interne (40),
- l’autre des conduites d’air d’admission (30, 32)
est disposée entre la première des conduites
d’air d’admission (30, 32) et au moins une glis-
sière (22, 24, 26, 28) connectée à une vanne
d’admission (50, 52, 54, 56, 58, 60, 62, 64) d’au
moins un des autres cylindres (42, 44, 46, 48),

caractérisé en ce qu’une longueur de flux d’air d’au
moins une des conduites d’air d’admission (30, 32)
est prévue de manière à ce qu’une onde de pression
d’air de charge produite en fermant la vanne d’ad-
mission (50, 52, 54, 56, 58, 60, 62, 64) d’un des
cylindres (42, 44, 46, 48) se propage à travers les
conduites d’air d’admission (30, 32) en provoquant
une sous-pression au niveau de la vanne d’admis-

sion (50, 52, 54, 56, 58, 60, 62, 64) de l’autre cylindre
supplémentaire (42, 44, 46, 48), les longueurs de
flux d’air des conduites d’air d’admission (30, 32)
permettant que l’onde de propagation arrive avec
une phase appropriée au niveau de la vanne d’ad-
mission du second cylindre avec une pression mini-
male, une longueur de flux d’air très différente étant
prévue pour les deux conduites d’air d’admission.

2. Agencement de conduite d’air selon la revendication
1, dans lequel au moins deux glissières (22, 24, 26,
28) bifurquent depuis les conduites d’air d’admission
(30, 32) .

3. Agencement de conduite d’air selon la revendication
1 ou 2, dans lequel les glissières (26, 28) alimentant
les vannes d’admission (54, 56, 58, 60) de deux cy-
lindres adjacents (44, 46) bifurquent depuis la même
conduite d’air (30, 32).

4. Agencement de conduite d’air selon l’une quelcon-
que des revendications précédentes, dans lequel les
glissières (22, 24) alimentant les vannes d’admissi-
on (50, 52, 62, 64) de deux cylindres (42, 48) séparés
par au moins un autre cylindre (44, 46) bifurquent
depuis la même conduite d’air (30, 32).

5. Agencement de conduite d’air selon l’une quelcon-
que des revendications 3 ou 4, dans lequel deux
glissières (26, 28) sont connectées directement en
amont des vannes d’admission (54, 56, 58, 60).

6. Agencement de conduite d’air selon l’une quelcon-
que des revendications précédentes, dans lequel les
conduites d’air d’admission (30, 32) sont pourvues
d’un diamètre uniforme sur leur longueur.

7. Agencement de conduite d’air selon l’une quelcon-
que des revendications précédentes, dans lequel au
moins un cylindre (42, 44, 46, 48) est pourvu de deux
vannes d’admission (50, 52, 54, 56, 58, 60, 62, 64)
qui sont alimentées par la même glissière (22, 24,
26, 28).

8. Agencement de conduite d’air selon l’une quelcon-
que des revendications précédentes, dans lequel au
moins une conduite d’air conjointe (34) est disposée
entre la sortie (14) du refroidisseur (10) et les con-
duites d’air d’admission (30, 32).

9. Agencement de conduite d’air selon l’une quelcon-
que des revendications précédentes, dans lequel les
conduites d’air d’admission (30, 32) sont connectées
via un élément de connexion en forme de T (36) au
refroidisseur (10) .

10. Moteur à combustion interne (40) comprenant au
moins :
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- une pluralité de cylindres (42, 44, 46, 48),
- une chambre de combustion qui est disposée
dans chaque cylindre (42, 44, 46, 48), un sys-
tème d’admission d’air comprenant au moins un
compresseur pour apporter de l’air de combus-
tion, un agencement de conduite d’air (100) se-
lon l’une quelconque des revendications précé-
dentes.

11. Moteur à combustion interne selon la revendication
10, dans lequel au moins deux glissières (22, 24, 26,
28) bifurquent l’une des conduites d’air d’admission
(30, 32) .

12. Moteur à combustion interne selon la revendication
10 ou 11, dans lequel les glissières (26, 28) alimen-
tant les vannes d’admission (54, 56, 58, 60) de deux
cylindres adjacents (44, 46) bifurquent depuis la mê-
me conduite d’air (30, 32).

13. Moteur à combustion interne selon l’une quelconque
des revendications 10 à 12, dans lequel les glissières
(22, 24) alimentant les vannes d’admission (50, 52,
62, 64) de deux cylindres (42, 48) séparés par au
moins un autre cylindre (44, 46) bifurquent depuis la
même conduite d’air (30, 32).
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